The Prestige oil spill in November 2002 is considered the biggest large-scale catastrophe of its type in Europe, thousands of seabirds dying in the subsequent months. Here, the total concentration of 16 polycyclic aromatic hydrocarbons (TPAH) was measured in the blood cell fraction of adult and chick yellow-legged gulls (Larus michahellis) from unoiled and oiled coastal areas in North Western Spain. In addition, hematocrit, plasma metabolites, electrolytes and enzymes, as well as body mass were determined in the same individuals. Our results strongly suggest the presence of health damages of sublethal nature in adult gulls breeding in oiled colonies 17 months after the Prestige oil spill. This is supported by the following evidences: (1) gulls sampled in unoiled and oiled colonies differed in blood TPAH levels, (2) gulls sampled in unoiled and oiled colonies differed in several blood parameters indicative of physiological disorders, and (3) TPAH in blood was significantly related to several of these parameters. Differences in the level of asparatate aminotransferase (AST), gamma-glutamyl transferase (GGT), total protein, glucose and inorganic phosphorus suggest damages on some vital organs (i.e. liver and kidney) in adult birds from oiled areas. Meanwhile, chicks presented weaker effects than adults, showing only between-area differences in hematocrit. Since TPAH levels in blood did not differ between both agegroups, the stronger effects on adults should be due to their longer exposure to these pollutants and/or to severe exposure in the months following the spill. The presence of PAHs in chicks indicates that these pollutants were incorporated into the food chain because nestlings would have been only exposed to contaminated organisms in the diet (e.g. fishes and crustaceans). Our findings support the view that PAHs may deeply alter the physiology of seabirds, and emphasize the necessity of quantifying the circulating levels of these compounds in order to evaluate the sublethal effects associated to large oil spills.
Introduction
Large oil spills at sea are likely to have dramatic effects on marine ecosystems and result in an increased exposure to oil by marine organisms, including seabirds (e.g. Peterson, 2001) . Lethal short-term effects of oil spills often involve large seabird losses and draw much public attention when oiled seabirds and carcasses are washed ashore (e.g. Piatt et al., 1990) . These birds are especially sensitive to marine oil spills, which can have dramatic effects on their populations (e.g. Velando et al., 2005a, b; Votier et al., 2005) . However, oil pollution, whether chronic or acute, at levels that do not lead to immediate death, has the potential to seriously impair the ability of seabirds to survive and reproduce (Jessup and Leighton, 1996; Esler et al., 2000; Golet et al., 2002) .
Whereas the acute effects of crude oil ingestion on avian physiology have been well described (e.g. Leighton, 1995; Stubblefield et al., 1995; Yamato et al., 1996; Prichard et al., 1997; Newman et al., 1999 Newman et al., , 2000 Balseiro et al., 2005) , the effects of long-term sub-lethal exposures to these contaminants have been rarely explored (some exceptions: Seiser et al., 2000; Trust et al., 2000; Golet et al., 2002) . Sub-lethal effects from direct oil ingestion or indirect oil incorporation (across the marine trophic chain) would include a large array of inflammatory and toxic effects, immune-suppression, and finally, an impairment of the general health status (Leighton, 1995; Briggs et al., 1996; Golet et al., 2002) .
One of the last examples of a large marine oil spill took place in November 2002 when the supertanker Prestige sank in front of Galicia (NW Spain). The wreck spilled about 60,000 t of crude oil into the Atlantic Ocean, spreading pollution from Northern Portugal to France (Fig. 1) . The Prestige oil spill is considered the biggest large-scale catastrophe of its type in Europe and thousands of seabirds died in the subsequent months (Camphuysen et al., 2002) . Since seabirds are longlived animals and upper trophic level consumers and the oil incorporation of the Prestige pollution into the marine food chain is currently being detected (e.g. Fernandez et al., 2006; Laffon et al., 2006; Morales-Caselles et al., 2006) , sublethal effects on seabirds due to this chronic exposure are expected.
Plasma biochemistry of yellow-legged gulls (Larus michahellis) from the Galician coast (formerly Larus cachinnans) has been deeply studied before the Prestige oil spill. Such knowledge would constitute a useful tool to understand the effects of this kind of catastrophe on the physiology of seabirds. Reference plasma values of several metabolites have been determined in wild gulls from different ages and sexes (Alonso-Alvarez et al., 2002a; AlonsoAlvarez, 2005) . Moreover, the dynamics of many physiological parameters in relation to food availability has been experimentally studied. Thus, we know their patterns of variation from an optimal level of physical condition (birds with ad libitum food) to the limit before death (after a long food-deprivation period; Alonso-Alvarez and Ferrer, 2001) . We have also determined the level of correlation between the studied parameters and the individual range of variation in body mass. Thus, relatively high body mass (with regard to body mass range) positively correlated to total cholesterol level, which was proposed as a good index of condition for this species (Alonso-Alvarez et al., 2002b; Alonso-Alvarez and Velando, 2003) .
In the present study, the total concentration of 16 polycyclic aromatic hydrocarbons (TPAH) found in the Prestige crude oil (Bosch, 2003; CSIC, 2003) was measured in the blood of yellowlegged gulls. Adult and chick yellow-legged gulls captured in unoiled and oiled colonies 17 months after the Prestige oil spill were sampled to establish spatial differences in TPAH concentration, as well as in several plasma biochemical parameters, hematocrit and body mass. The analyzed plasma metabolites provide information on the level of energetic reserves (e.g. Le Maho et al., 1981; Boismenu et al., 1992; Alonso-Alvarez and Ferrer, 2001) . Moreover, the levels of four plasma chemicals and body mass obtained before the Prestige wreck were used as reference in a attempt to complete the classic before-after-controlimpact (BACI) approach (e.g. Stewart-Oaten et al., 1986; Osenberg et al., 1994) . In addition, two enzymes (transaminases) were assessed for the first time in this species. High levels of these parameters are indicatives of hepatic damages (Campbell, 1994; Harr, 2002) . To conclude, TPAH levels were correlated to the above cited parameters. This allowed us to infer the level of damage associated to the intensity of intoxication. As far as we know, the relationship between the analysed parameters and circulating levels of polycyclic aromatic hydrocarbons has not been previously explored for any avian species.
Materials and methods

Bird sampling
Bird sampling was performed in seven breeding colonies located in islands distributed along the coastline of the North-western Spain (Fig. 1) . Three of them were located in an area that did not suffer the impact of the Prestige spill (unoiled area), whereas the other four were heavily oiled (oiled area). In total, 95 adults (40 males and 55 females) and 135 chicks were captured. Adult birds . Several morphometries including body mass (± 1 g), wing length (±1 mm) and tarsus length (±1 mm) were determined. Tarsus length allowed sexing birds by means of a discriminant function (Bosch, 1996) . To avoid the confounding effects of early development variability on plasma chemicals (see e.g. Szabo et al., 2005; Juráni et al., 2006) , chicks were sampled after their asymptotic-growth period, that is, when most part of body size has been acquired (estimated age: 3-5 weeks).
A blood sample (1-2 mL, depending on body mass) was taken from the ulnar vein with a heparinized 25 G needle. Blood was immediately transferred to plastic tubes and a microcapillar was taken from them. Both tubes and microcapillars were maintained cooled in ice boxes (4°C), and centrifuged at the end of the day. In all sampled birds, hematocrit values were determined from centrifuged microcapillars. Plasma was removed from tubes and both plasma and blood cell fraction (pellets) were frozen with liquid Nitrogen (−196°C). Plasma chemicals were randomly assessed in 92 adults and 76 chicks. TPAH concentration was determined in a random sub-sample of 62 adults and 54 chicks. Only 39 chicks were simultaneously evaluated for both TPAH and plasma chemical levels.
TPAH levels
The most toxic polycyclic aromatic hydrocarbons (PAHs), according to U.S. Environmental Protection Agency (EPA) recommendations (Keith and Telliard, 1979) , and present in the Prestige crude oil (CSIC, 2003) were measured on blood cell fraction. The PAHs analysed were naphthalene, acenaphthene, fluorene, phenanthrene, anthracene, fluoranthene, pyrene, benz(a)anthracene, chrysene, benzo(b+j)fluoranthene, benzo(k)fluoranthene, Indeno(1,2,3-c-d)pyrene, benzo(a)pyrene, benzo(e)pyrene, dibenz(a,h)anthracene, benzo(g, h, i) perylene. To estimate the individual degree of oil contamination, the sum of concentrations from all these hydrocarbons was used as a variable (TPAH level).
The concentrations of PAHs were determined by high performance liquid chromatography (HPLC). After microwave extraction with a mixture of acetone: hexane 1:1, the extract was cleaned-up using a deactivated alumina column with hexane as eluant. The PAHs were determined by HPLC coupled to a wavelength programmable fluorescence detector (Viñas-Diéguez 2002). The method used certified quality controls from the National Institute of Standards and Technology (Gaithersburg, USA; references NIST SRM 1647d and 2977). Moreover, the method was involved in the "Prestige 2004 Intercalibration Trial" organized by the Instituto Español de Oceanografía (www.ieo.es).
Plasma biochemicals
Plasma chemicals were measured in a Lambda PerkinElmer spectrophotometer (Wellesley, USA) using commercial kits and certified controls from Spinreact labs (Girona, Spain; http://www.spinreact.com). The analyzed biochemical parameters were (method in parenthesis): glucose (glucose oxidase), cholesterol (cholesterol esterase), total protein (biuret reaction), uric acid (uricase method), creatinine (kinetic Jaffee reaction), inorganic phosphorus ("iP"; molybdenum blue reaction), calcium ("Ca"; arsenaze III), asparatate aminotransferase ("AST"; NADH-method) and gamma-glutamyl transferase ("GGT"; carboxy substrate). The coefficient of variation (CV) for all these parameters ranged between 3.79-9.39%. Analyses for each age-category (adults or chicks) were performed during the same time series, randomizing the origin throughout the session to avoid time-related bias.
Birds sampled before the Prestige oil spill
Adult birds from Cíes and Ons islands (oiled area; Fig. 1 ) were sampled in the 1997 and 1998 breeding seasons, respectively (Alonso-Alvarez, 2000; Alonso- Alvarez et al., 2002a,b) . Morphometric measures, blood sampling and plasma extraction were performed as described above. Samples were stored at − 20°C. Plasma biochemistry was measured in a Hitachi-U2000 spectrophotometer (Tokyo, Japan) in the same year of sampling. Commercial kits from SIGMA (Missouri, USA) were used to determine: cholesterol (cholesterol esterase), total protein (Bradford method), uric acid (uricase method) and iP (molybdenum blue reaction). In order to avoid differences in phenology or seasonal cycles (AlonsoAlvarez et al., 2002a) only those birds sampled from May 19 to June 5 (23 males and 25 females) were used in the analyses.
Statistical analyses
Comparisons of TPAH values between sites and age-categories (adults and chicks) were carried out by means of a generalized mixed model (PROC MIXED in SAS software; SAS Institute, 2001), including the coastal area of sampling (oiled vs unoiled areas) and the age (adults vs chicks) as fixed factors, and the identity of each population (colony) as a random factor. The interactions between both fixed factors were also tested.
The general mixed models assessing the influence of the coastal area on plasma biochemicals, hematocrit and body mass were performed separately for each age group and including the sampling site (oiled vs unoiled areas) as fixed factor. In adults, the sex was also included as fixed factor and sampling date as a covariate. Tarsus and wing length of adults were also added as covariates when analysing body condition (i.e. size-corrected body mass; e.g. García-Berthou, 2000; Stevenson and Woods, 2006) . Since adult body mass follows a bimodal distribution (i.e. yellow-legged gulls are sexual-dimorphic in size; Bosch, 1996) , the analyses on this variable were performed separately for each sex. In chicks, wing length was included as a covariate to control for individual variability in age (e.g. Genovart et al., 2005) and/or body size (i.e. age-and size-independent body mass). In the subsample of birds where TPAH was measured, the relationship between this parameter and plasma biochemicals, hematocrit or body mass was investigated by similar models as above described but including TPAH as covariate.
Comparisons between birds sampled before and after the Prestige oil spill were performed by including time as fixed factor (before vs after) and the identity of the colony as a random factor. Analyses on body condition were again separately performed for each sex.
In order to selected the best fitted model, we always started from the saturated model including factors, covariates and their interactions, removing all nonsignificant terms (P N 0.05) by a backward procedure. The random factor (colony) showed low significance (P-value range = 0.061-0.370). Nonetheless, it was conservatively maintained in all models order to maintain the independence of data, adjusting properly the degrees of freedom (e.g. Crawley, 1993) .
Most dependent variables met normality and heteroscedasticity assumptions. In analyses on adult birds, TPAH covariate was however log-transformed in order to meet the normal distribution. Means, SE and dots in Figures come from the real data, that is, uncorrected for the random effect. Slopes were obtained from mixed models. Post hoc analyses were performed with Tukey tests. Results are given as mean ± SE.
Results
Oiled versus unoiled areas
TPAH levels
Birds sampled in oiled areas showed higher TPAH concentration (190.63 ± 24.5 ng/g) than birds from unoiled areas (101 ± 11.1 ng/g) and this difference was significant (Table 1) . TPAH concentration did not differ between chicks and adults (167.5 ± 21.9 ng/g and 156.8 ± 27.3 ng/g, respectively) and the age× area interaction was not significant (Table 1) .
Plasma biochemistry, hematocrit and body mass variability
Adult gulls from oiled colonies showed significant lower levels of creatinine, iP, glucose and total protein, and higher levels of AST (Table 2 ; Fig. 2 ). In the case of GGT, the interaction between sex and area was significant (F 1,83 = 13.08, P = 0.0005; Fig. 2 ). Thus, whereas The identity of each colony was included as a random factor (Z = 0.70, P = 0.242).
males failed to show significant differences (Tukey test: P = 0.26), females sampled in colonies from the oiled area clearly showed higher GGT values than females from the unoiled area (Tukey test: P = 0.003; Fig. 2 ). Differences in body condition were not significant (Table 2) . Sex, sampling date and their interactions never showed significant effects, being all removed (all P N 0.05).
In chicks, only hematocrit showed a significant difference between areas (lower values in chicks from oiled sites; Table 3 ). Sampling date showed a positive relationship with hematocrit (F 1,125 = 5.79, P = 0.018; estimated slope: + 1.136 ± 0.472), and was retained in this model.
Before-after comparisons
Birds sampled before the Prestige oil spill showed higher plasma cholesterol and lower total protein concentrations (Table 4) . Plasma iP levels were higher before the spill, and the difference was close to significance. Finally, both males and females sampled in 1997-1998 showed weaker body condition than birds sampled after the catastrophe. Sex, sampling date and interactions were also tested but removed as non-significant terms (all P N.05).
3.3. TPAH in relation to plasma chemistry, hematocrit and body mass variability 3.3.1. Adult gulls TPAH showed a significant positive relationship with AST (Fig. 3) . Nevertheless, TPAH did not show a significant influence in the rest of plasma biochemicals or hematocrit. Sex, sampling date and their interactions did not show a significant effect on these models (all PN 0.05).
TPAH was negatively related to body condition in both males (F 1,20 = 7.29, P = 0.014; estimated slope ± SE: −69.95 ± 25.9) and females (F 1,24 = 5.75, P = 0.025; estimated slope ± SE: −38.61 ± 20.33). Wing length remained in both models (males: F 1,20 = 11.11, P = 0.0033; females: F 1,24 = 18.43, P = 0.0003). The area factor, the sampling date, tarsus length and their interactions were removed from these models as non-significant terms (all P N 0.06).
Chick gulls
TPAH showed a positive relation with GGT (Fig. 4) . TPAH was also positively related to calcium values (Fig. 4) , wing length remaining in the same model (F 1,32 =6.38, P = 0.017; estimated slope ±SE: +0.0023 ± 0.0009). Finally, TPAH was positively related to the hematocrit (Fig. 4) .
Discussion
Our study suggests that a delayed impact of a sublethal nature on seabirds is operating 17 months after the catastrophe. This is supported by several lines of evidence. First, gulls sampled in unoiled and oiled colonies differed in blood TPAH levels. Second, gulls sampled in unoiled and oiled colonies differed in several blood parameters indicative of physiological disorders. Third, TPAH in blood cell fraction was significantly related to several of these parameters. The last suggests that PAHs were indeed able to induce the cited disorders. Furthermore, the presence of TPAH in chicks and the fact that they could be not directly exposed to the crude indicates that pollution was in fact incorporated into the food chain.
Both adult males and females from oiled colonies showed a higher AST level, which suggests the presence of hepatic damages. Studies on the effect of the Exxon-Valdez oil spill on pigeon guillemots (Cepphus columba) reported higher AST levels in adults, but not chicks, captured in oiled areas more than 7 years after the spill (Seiser et al., 2000; Golet et al., 2002) . AST enzyme is used as an index of hepatocellular disease in birds (Brugère-Picoux et al., 1987; Harr, 2002) . Alternatively, high AST values would be also indicators of muscle damage when high creatine kinase (CK) levels are present (e.g. Dabber and Powell, 1993) . CK catabolizes phosphocreatine to creatinine in order to produce energy for the muscle activity (Wyss and Kaddurah-Daouk, 2000) . Here, the lower creatinine levels of gulls from the oiled area suggest that high AST levels were mostly related to hepatic damage (see also Seiser et al. 2000) . Supporting the relation between AST and liver damage in a context of PAH pollution, Golet et al. (2002) found a positive correlation between AST levels and a hepatic citochrome (P4501A), which is specifically sensitive to PAH exposure (Collier and Varanasi 1991; Trust et al., 2000) .
Spatial differences in GGT values were only significant in adult females (Fig. 2) . GGT would again be an index of liver disease and damages of biliar ducts and renal epithelium among avian species (Lewandowski et al., 1986; Hochleithner, 1994; Harr, 2002) . A stronger impact on breeding females might be explained by the additive effect of oil toxicity and laying effort (the sampled females were, in fact, incubating). We know that female liver can increase in size during the laying period to face the effort of egg yolk production (e.g. Christians and Williams, 1999 ; see also Barboza and Jorde 2002) . In the same line, we know that in female mallards (Anas platyrhynchos) serum GGT activity increased 20-fold during the egg laying period (Fairbrother et al., 1990) . Alternatively, the result could be also explained by sex-related differences in feeding habits (described The difference between both areas is tested as a fixed factor in generalized linear mixed models. in gulls: e.g. Pons, 1994) . Such differences could have resulted in increased exposure of females to oil pollutants (see also Martínez-Abraín et al., 2006) .
The lower glucose and total protein values in birds from oiled areas indirectly suggests, in a first glance, the impact of the Prestige pollution on food availability. Circulating glucose is strongly regulated because it is used as energy resource for most tissues and cells (e.g. the central nervous system; Castellini and Rea, 1992) . Here, the glucose values of gulls from both areas were around the lowest mean concentration found in yellowlegged gulls at the end of a starvation period (267 and 282 ng/ mL for absolute fasting and food-restricted gulls, respectively; i.e. Alonso-Alvarez and Ferrer, 2001). Lower glucose levels (around 200 mg/dL) have been reported in American coots (Fulica americana) fed with crude-oil from the UnocalMetrolink oil spill (Newman et al., 2000) . These authors also found increased total protein levels, explaining both findings as consequence of concomitant bacterial infections. Here, the total protein decrease might instead support the idea of undernutrition. Total protein levels diminish during food-shortage periods in yellow-legged gulls (Alonso-Alvarez and Ferrer, 2001) . Surprisingly, total protein levels of gulls from both sites were considerably higher than those found in starved gulls (i.e. around 3 g/dL; Totzke et al., 1999; Alonso-Alvarez and Ferrer, 2001 ) and in those sampled before the oil spill (Table 4 ). Nonetheless, plasma cholesterol level, an index of individual condition in this species (Alonso-Alvarez et al., 2002b) , showed higher values before the Prestige event, though this could be Fig. 2 . Plasma levels of several biochemical parameters from male and female adult yellow-legged gulls sampled in unoiled and oiled areas (white and dark bars, respectively). P-values for significant factors and interactions in Table 2 models and text are again shown. Means ± SE. also related to differences in freezing conditions between studies (see Bustamante and Travaini, 1994) . Alternatively to the effects of the oil spill on food availability and nutritional condition, differences in glucose and total protein levels best fit with a TPAH-induced liver damage. The hepatic tissue has a pivotal role in both glycogenesis and protein synthesis (e.g. Whittow, 2000) . Moreover, both glucose and total protein values were negatively correlated to AST (Pearson correlation coefficients: r = − 0.257, P = 0.015 and r = − 0.209, P = 0.049, respectively), which is involved in both gluconeogenesis and amino acid metabolism (e.g. Stevens, 1996) .
Our analyses did not detect a clear effect of the Prestige oil spill on the nutritional condition of yellow-legged gulls. First, body condition (i.e. size-corrected body mass) did not differ between areas. Second, body condition after the spill was in fact better than before. Third, Galician fisheries showed a significant recovery in 2004 Serrano et al., 2006) , which would not agree with a scenario of reduced food availability as consequence of the spill. Nonetheless, TPAH levels and adult body condition were negatively correlated. Thus, although these pollutants could be able to impact on nutritional status of gulls, the effect of the spill was mostly expressed in terms of organ dysfunctions.
In the same line, liver damage could be also responsible of differences in inorganic phosphorus concentrations. Avian embryos treated with fluoranthene and benz(k)fluoranthene, that is, two of the PAHs present in our gulls, induced liver necrosis and a decrease of alkaline phosphatase activity (Kertesz and Hlubik, 2002) , which is involved in phosphorus metabolism. Since this enzyme is produced in liver, kidney, intestines and bones (Lewandowski et al., 1986; Hochleithner, 1994) , any toxic acting on any of these tissues could potentially affect its activity, and consequently, iP levels. As in the case of glucose and total protein, the negative correlation between iP and AST levels (r = −0.223, P = 0.036) supports the hypothesis of liver damage. In addition, birds sampled before the Prestige oil spill tended to have significantly higher iP levels than birds sampled in 2004 (Table 4) . Reduced iP levels have been The difference between both areas is tested as a fixed factor in generalized linear mixed models. F and P values from the final model or just before to be removed as nonsignificant term during the cited backward process. The identity of each colony as random factor in every model (see text). a Size-corrected body masses were least squared values from the mixed model including wing length as a covariate (F 1,125 = 173.3, P b 0.0001). Table 4 Circulating levels of several biochemical parameters and size-corrected body mass from yellow-legged gulls captured before (1997) (1998) The identity of each colony as random factor in every model (see text). The difference between both sampling events is tested as a fixed factor in generalized linear mixed models. a Size-corrected body masses were least squared values from the mixed model including tarsus length as a covariate (males: F 1,31 = 7.49, P = 0.010; females: F 1,37 = 14.3, P = 0.0006). reported in mallards fed with crude-oil (Stubblefield et al., 1995) and on pigeon guillemots sampled in the Exxon-Valdez oiled sites (Golet et al., 2002) . Nonetheless, our levels were within the range of variation of captive (Alonso-Alvarez and Ferrer, 2001 ) and free-ranging yellow-legged gulls (AlonsoAlvarez, 2005) , suggesting that the effect was in fact subtle.
In the case of chicks, only hematocrit showed differences between sampled sites, presenting lower values in oiled areas. In contrast, this parameter was positively related to TPAH-values, which could be explained by dehydration of some individuals (Dawson and Bortolotti, 1997; Kertesz and Hlubik, 2002) . In fact, when the two most extreme TPAH values were excluded (Fig. 4, upper right corner) , the correlation disappeared (P = 0.290), but the difference between areas remained (P = 0.021). The reduced hematocrit value of chicks from oiled sites could be associated to starvation (Boismenu et al., 1992; Brown, 1996 ; but see Dawson and Bortolotti, 1997) , but also to haemolytic anaemia. However, chick body condition did not differ between areas and haemolytic anaemia has been only described in acute exposures (e.g. Leighton, 1995; Yamato et al., 1996; Balseiro et al., 2005) . The fact that TPAH values were positively correlated to GGT and Ca concentration suggests that PAH's were indeed able to affect chicks' health, but not according to the sampling area. Increased GGT levels would indicate liver and/or kidney damages (above), whereas elevated Ca values could be associated to tumours and/or dehydration (Lewandowski et al., 1986; Hochleithner, 1994) .
The presence of PAHs in chick blood is very relevant, indicating that these pollutants have been incorporated into the food chain. Seiser et al. (2000) and Golet et al. (2002) emphasized that adult pigeon guillemots are a better model for the study of oil spill contamination than chicks because adult birds would be exposed to higher amounts of pollutants as a consequence of age-related differences in the diet. However, information from chick seabirds is also crucial to know the level of contamination in the marine ecosystem because they are not directly exposed to the crude-oil, but to contaminated organisms in the diet (e.g. fishes and crustaceans).
Chicks showed similar TPAH levels than adult gulls, which suggests that the difference in the degree of health damage was not related to differences in diet (see Seiser et al., 2000; Golet et al., 2002) , but to differences in the time of exposure to pollutants, longer in adults. Additionally, adults were likely directly exposed to oil in the few months following the Prestige wreck. Adult yellow-legged gulls in NW Spain are sedentary, with overlapping wintering and breeding areas (Munilla, 1997) . Oiled seabirds ingest oil when preening and data on the proportion of birds that were observed with oil stained plumage suggests that between November 2002 and Febuary 2003 a noticeable proportion of the yellow-legged gull population in Galicia was oiled to some (Munilla, unpublished data) .
In summary, our results not only suggest that the Prestige oil spill was responsible of an increase in contamination levels of marine organisms, but also that a delayed impact of a sublethal nature is operating 17 months after the catastrophe. There is a risk of underestimating the impact of oil pollution on seabirds by overlooking the sublethal effects of chronic exposures. In fact, sublethal effects could even have a stronger impact on population dynamics than direct mortality (see Peterson et al., 2003) . Therefore, the evaluation of long-term sub-lethal effects will be imperative when quantifying the real impact of oil pollution on wildlife.
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